Interest is growing in the use of closed-chest circulatory support via peripheral cannulation, using pumps or pump-oxygenators, both in emergencies encountered during the post-operative period following intracardiac surgery (Spencer, Eiseman, Trinkle, and Rossi, 1965) and electively in intracranial surgery using profound hypothermia and cardiac arrest (Woodhall, Sealy, Hall, and Floyd, 1960; Michenfelder, Kirklin, Uihlein, Svien, and MacCarty, 1964) . However, the use of a pump-oxygenator to provide circulatory support in non-surgical cardiopulmonary emergencies such as acute myocardial infarction with shock is still rarely exploited in spite of the early work of
Interest is growing in the use of closed-chest circulatory support via peripheral cannulation, using pumps or pump-oxygenators, both in emergencies encountered during the post-operative period following intracardiac surgery (Spencer, Eiseman, Trinkle, and Rossi, 1965) and electively in intracranial surgery using profound hypothermia and cardiac arrest (Woodhall, Sealy, Hall, and Floyd, 1960; Michenfelder, Kirklin, Uihlein, Svien, and MacCarty, 1964) . However, the use of a pump-oxygenator to provide circulatory support in non-surgical cardiopulmonary emergencies such as acute myocardial infarction with shock is still rarely exploited in spite of the early work of Stuckey, Newman, Dennis, Berg, Goodman, Fries, Karlson, Blumenfeld, Weitzner, Binder, and Winston (1957) .
There is some justification for this neglect. Experimentally, Ross, Gilbert, Sharp, and Morrow (1958) in the open-chest animal, and more recently Patterson and Ray (1962) and Johnston, Nield, Pritchard, and Hercus (1965) in the closedchest animal, have pointed to the danger of high left atrial pressures developing during venoarterial bypass in the presence of cardiac arrest or acute left heart failure, due to the accumulating inflow of pulmonary, bronchial, and thebesian blood into the left heart. The left atrial pressure was more likely to rise if it was already high at the start of bypass (a strong possibility in acute left heart failure), and also if the circulatory support flow rate was high (as it may need to be at normal temperature if a reduction in the work load and oxygen consumption of the myocardium is desired (Salisbury, Bor, Lewin, and Rieben, 1959; Schenk, Delin, Camp, McDonald, Pollock, Gage, and Chardack, 1964) ). There would be little point in raising the systemic arterial pressure and increasing the coronary flow if pulmonary oedema and acute distension of the left heart resulted.
It is therefore important to determine the effect of total circulatory support on the left atrial pressure in the closed-chest animal at normal temperature, in the presence of a failing left ventricle or cardiac arrest, before contemplating such support clinically in acute myocardial infarction.
From preliminary studies in the closed-chest animal it was known that more than 90% of the circulating blood volume could be diverted to the pump-oxygenator at normal temperature for up to 10 hours with survival. Furthermore, it was known that, in acute left heart failure and ventricular fibrillation induced by coronary artery ligation in the open-chest animal, total circulatory support by peripheral cannulation and pumpoxygenator could markedly benefit the majority of the hearts while maintaining safe levels of left atrial pressure (Proctor and Kowalik, 1966) . The point at issue was whether the conditions under which the technique would be used clinically (in the closed chest with negative intrathoracic pressure, and little practical chance of draining the left atrium) would affect the left atrial and pulmonary pressures, particularly in the presence of a non-functioning heart.
METHOD
The experiments were performed on 12 mongrel dogs weighing 16 to 27 kg. After premedication with morphine, 10-15 mg., and atropine, 0-3 mg., intramuscularly, anaesthesia was induced with intravenous thiopentone sodium, the trachea was intubated, and anaesthesia was maintained with halothane and oxygen using a Starling type respirator. Arterial pressures and blood gas samples were obtained from the abdominal aorta via a catheter in the right femoral artery. Venous pressures were obtained through a catheter introduced into the axillary vein by way of the right brachial vein. Left atrial pressures were obtained in one group using a catheter placed in the left atrium before closure of a limited left thora-cotomy, and in the other group by trans-bronchial puncture (Henschel, Hamilton, and Rainbow, 1957) .
Electrocardiograms were taken on all animals. Temperatures were measured in the pharynx and in the reservoir of the pump-oxygenator.
To avoid the problems associated with the use of homologous blood in dogs (Gadboys, Jones, Slonim, Wisoff, and Litwak, 1963) , circulatory support was carried out with a pump-oxygenator of our own design (Proctor and De Bono, 1965) is that during the brief periods of re-warming used to maintain normothermia the left atrial pressure usually rose 3 to 4 mm. Hg and then returned to the original level after re-warming was stopped. It is not known whether this was due to the slight increase in flow associated with re-warming, or to increased bronchial flow, or to vasoconstriction in the pulmonary vessels reducing the retrograde flow.
There was no significant difference between the the group which had the chest opened and then closed over a chest drain, and the group with no thoracotomy and measurement of the left atrial pressure by trans-bronchial puncture. In the normal animal the main determinant of bronchial flow is the mean aortic pressure, but the importance of the venous pressure in the control of the left atrial pressure under these conditions of circulatory support and cardiac arrest can be judged from the fact that, in spite of a 50% decrease in mean aortic pressure-and presumably bronchial flow, the left atrial pressure increased to match the venous pressure.
(d) If sufficient Ringer-lactate (300 to 500 ml.) was added to raise the flow from 90 ml. /kg. to 120 ml./kg., the left atrial pressure rose to a mean of 19 mm. Hg and the venous pressure to 5 mm. Hg.
DISCUSSION
The above studies show that, in closed-chest dogs, veno-arterial bypass using a pumpoxygenator and peripheral cannulation is capable of total circulatory support for two hours at 370 C. in the presence of a non-functioning heart, without raising the left atrial pressure beyond safe limits, if certain conditions are maintained. These are: (1) The venous pressure must be kept low (-1 to + 1 mm. Hg) by adequate cannulation and suction (in this case by gravity drainage of 60 cm.); (2) the animal must remain, as far as possible, isovolaemic in relation to its circulating blood volume, since an increase in the blood volume caused by a relatively small overtransfusion caused a marked increase in the left atrial pressure in spite of all other factors-except venous pressure-being kept constant. It should be noted that the pump-oxygenator used in this study, by virtue of not requiring homologous blood, did not significantly alter the animal's blood volume, one indication being that the circulating blood in the oxygenator remained within + 100 ml. of the original priming volume of 750 ml. and required no additional fluid for the first one to two hours while maintaining normal haemodynamic values. Salisbury et al. (1959) that in the closed chest one could not expect to carry more than 50% of the total systemic flow on the pump-oxygenator. However, this series is not strictly comparable, since they were using 2,000 ml. of homologous blood to prime the pumpoxygenator, and the major changes in circulatory haemodynamics demonstrated by Gadboys et al. (1963) associated with the use of homologous blood may have altered the conditions.
In the light of such a high 'partial' bypass it is not surprising that induction of ventricular fibrillation caused little change in systemic arterial pressure, left atrial pressure, and flow. This is encouraging in relation to peripheral circulatory support for acute myocardial infarction with severe shock.
Maintaining a good systemic arterial pressure with fully oxygenated blood at a normal pH by means of a peripheral bypass has been shown experimentally (Proctor and Kowalik, 1966) to be sufficient in itself to tide the heart over the insult of a major coronary artery occlusion, and it might be assumed that diverting all but 5% of the venous return from the heart and reducing its 'external' work would be an important factor in this procedure. However, Salisbury et al. (1959) and Schenk et al. (1964) have shown that there is no linear relationship between 'external' work done by the heart and myocardial oxygen consumption and 'internal' work load. Their results indicate that cardiac output must be reduced to zero before myocardial oxygen consumption is consistently reduced. Thus to achieve the additional benefit of a reduction in metabolic demand by the myocardium it would be necessary to divert 100% of the cardiac output to the pumpoxygenator, and to do this consistently might require the induction of ventricular fibrillation. Ventricular fibrillation itself would reduce the metabolism of the heart and increase the coronary flow, but the results of this study do not permit one to predict whether a failing heart would ever justify such a drastic manceuvre in order to obtain maximum benefit from circulatory support. 
